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A cross th e  U n ited  S ta te s , w orkers in  m a n y  o cc u p a tio n s  face w ea th e r  
a n d  re la ted  ex tre m e  con d itio n s on  a  daily  b as is . Hot w e a th e r  a n d  m a n u a l 
lab o r in c re a se  a  p e rso n ’s  core body  te m p era tu re . T h is  h e a t g a in  com es 
from  a  co m b in a tio n  of e n v iro n m en ta l a n d  se lf-generated  (or in te rn a l)  h ea t. 
E n v iro n m en ta l h e a t is b o th  w e a th e r  re la ted  a n d  m an -m ad e , a n d  in te rn a l 
h e a t  is p ro d u ced  from  m etabo lic  p ro c e sse s  (Xiang, Bi, P isan iello , & H an sen , 
2014). B u t, it’s j u s t  n o t th e  h e a t th a t  c a u se s  prob lem s; it’s  th e  hum id ity , too. 
E a c h  y e a r  th o u s a n d s  of w orkers su ffe r h e a t re la ted  illn e sse s  a s  a  re s u lt  
of beco m in g  overheated . B etw een  Ju n e ,  2013 a n d  Ju ly , 2014, h e a t re la ted  
illn e sse s  w ere resp o n sib le  for m ore th a n  20  o cc u p a tio n a l w orker d e a th s  
in  th e  U. S. (O ccupational S afety  a n d  H ea lth  A d m in is tra tio n  [OSHA], 
2014). M iners a re  a t  a n  in c re ase d  r isk  for h e a t re la ted  illn esses . W orkers 
in  u n d e rg ro u n d  m in e s  a re  exposed  to  a m b ien t te m p e ra tu re s  a n d  relative 
h u m id ity  w hile  p e rfo rm in g  th e ir  jo b  d u tie s  decked  o u t in  sa fe ty  equ ipm en t. 
S u rfac e  m in e  w orkers e n d u re  ou td o o r e n v iro n m en ta l te m p e ra tu re s  u n d e r  
th e  sa m e  sa fe ty  p recau tio n s . T he a im  of th is  p a p e r  is to  o u tlin e  th e  v a rio u s  
h e a t re la ted  illn e sse s  su ffered  by  coal m in e rs , su m m a riz e  th e  fin d in g s from  
sev era l p u b lish ed  s tu d ie s , offer su g g e stio n s  to  O ccu p a tio n a l H ea lth  N u rses  
for red u c in g  h e a t ex p o su re  in  m in e rs , a n d  p ro p o se  fu tu re  d irec tio n s  for 
re se a rc h .
B ackgroun d
W orldwide, app rox im ate ly  2 4 ,0 0 0  coal m in e s  ex is t (World Coal 
A ssocia tion , n.d.). In th e  U nited  S ta te s , th e re  a re  1,061 coal m in e s  w ith  
877  coa l m in e s  in  th e  A p p a la ch ian  region of th e  U nited  S ta te s  (U.S. E nergy 
In fo rm atio n  A d m in is tra tio n  [ElA], 2015b). T he A p p a la ch ian  region s tre tc h e s  
from  S o u th e rn  New York to  N o rth ern  A lab am a a n d  in to  E a s te rn  M ississippi. 
C e n tra l A p p alach ia  (Kentucky, T en n essee , W est V irg in ia , a n d  V irginia) is 
h o m e to  525  coal m ines: 2 4 8  u n d e rg ro u n d  m in e s  a n d  277  su rfa ce  m in e s  
(EIA, 2015b). In 2013, 18,853 people w ere em ployed in  u n d e rg ro u n d  C en tra l 
A p p a la ch ian  m ines, a n d  9 .0 8 9  people w ere em ployed in  C e n tra l A p p a la ch ian  
su rfa ce  m in e s  (EIA, 2015a). C oal m in in g  is considered  one of th e  m ost 
d an g e ro u s  jo b s  in  th e  w orld, a n d  each  d ay  m in e rs  a re  exposed  to  a  v a rie ty  of 
h a z a rd s , b o th  fa ta l a n d  non-fa ta l.
In  2014, th e re  w ere 16 fa ta litie s  in  coa l m in e s  a c ro ss  th e  U nited  S ta te s  
(M ine S afe ty  a n d  H ea lth  A d m in is tra tio n  [MSHA], n .d .a). Ten of th e  fa ta litie s
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o c c u rre d  In  th e  A p p a la ch ian  region, a n d  n in e  from  th e  A p p a la ch ian  
reg ion  w ere in  C e n tra l A p p a lach ia  (MSHA, 2015). M ost fa ta litie s  w ere 
re la ted  to  p h y sica l h a z a rd s  su c h  a s  falls, exp losions, a n d  eq u ip m en t 
acc id en ts  (D onoghue, 2004a). H eat, a lso  considered  a  p h y sic a l h a z a rd , h a s  
co n trib u te d  to  ap p ro x im ate ly  150 m in e rs  su ffe rin g  from  som e ty p e  of non- 
fa ta l h e a t re la ted  illn ess  (MSHA, n.d.c) su c h  a s  h e a t  stroke , h e a t e x h a u s tio n , 
h e a t c ra m p s, a n d  h e a t r a s h  (C enters for D isease  C ontro l a n d  P reven tion  
[CDC], 2014; Lutz, Reed, T urner, & L ittau , 2014; OSHA, n.d.). H eat re la ted  
illn esse s  a re  a lso  th e  c a u se  of in ju rie s  re su lt in g  from  falls  a n d  eq u ip m en t 
o p era tio n  ac c id en ts  (W ash ing ton  S ta te  D e p a rtm e n t o f L abor & In d u s tr ie s , 
n.d.) a s  w orkers develop sy m p to m s su c h  a s  sw ea ty  p a lm s , confusion , 
se izu re s , d izziness, fatigue, h a llu c in a tio n s , a n d  m u sc le  c ra m p s  (CDC, 2014).
T y p es o f  H eat R ela ted  I lln e s s e s
H eat S trok e
H eat s tro k e  is th e  m o s t se rio u s  h e a t re la ted  illn e ss  a n d  c a n  q u ick ly  re su lt  
in  d e a th  if  n o t tre a te d  (Lutz e t al., 2014; OSHA, n.d.). It is a s so c ia te d  w ith  
c e n tra l n e rv o u s  sy s tem  d y sfu n c tio n  a n d  is ch a ra c te r iz e d  by  a  h ig h  core 
body  te m p e ra tu re  (above 104°F), confusion , a ta x ia , n a u s e a  a n d  vom iting , 
ta c h y c a rd ia , ta ch y p n e a , a n d  h ead ach e  (D onoghue, 2 0 04b ; Keim, G uisto , 
& S u llivan , 2002). C om plications include: h em o rrh ag e , a c u te  re n a l failu re , 
rhabdom yolysis, a n d  liver fa ilu re  (Donoghue, 2004b ; G lazer, 2005).
H eat E x h a u stio n
H eat e x h a u s tio n  is th e  m o s t com m on h e a t re la ted  illn ess  a n d  is th e  re su lt  
of d eh yd ra tion . S igns a n d  sym ptom s include: a  core body  te m p e ra tu re  
b e tw een  98 .6°F  a n d  104°F, d izz iness, w e a k n e ss , h ea d ac h e , a n d  syncope 
(D onoghue, 2004b ; G lazer, 2005). C om plications a re  le ss  severe th a n  
h e a ts tro k e  a n d  include: hypo tension , o ligu ria , ta c h y c a rd ia , a n d  con fusion  
(Glazer, 2005).
H eat C ram ps
H eat c ra m p s  a re  often  th e  f irs t s ig n  o f a  h e a t  re la te d  illn ess  a n d  a re  
ch a ra c te r iz e d  by in v o lu n ta ry  c o n tra c tio n s  of th e  sk e le ta l m u sc le s . H eat 
c ra m p s  a re  p a in fu l, c a n  o cc u r in  th e  legs or abdom en , a n d  u su a lly  la s t  a  
few m in u te s  (D onoghue, 2004b ; Keim e t al., 2002).
H eat R ash
A H eat r a s h  is th e  le a s t se rio u s  h e a t re la ted  illn ess . It is th e  re s u lt  of 
clogged p o res  from  ex p o su re  to  h ig h  h e a t  a n d  hum id ity . It is  c h a ra c te r iz e d  
by tin y  red  b u m p s, or b lis te r  like a re a s  on  th e  su rfa ce  of th e  s k in  from  sw eat 
tra p p e d  u n d e r  th e  sk in  (Keim e t al., 2002).
The H eat E ffec t on  M iners
H eat is a  com m on prob lem  in  th e  m in in g  in d u stry . S u rfac e  m in e rs  a re  
freq u en tly  exposed  to  h ig h  w et-bu lb  globe te m p e ra tu re s , e sp ec ia lly  d u r in g  
th e  su m m e r m o n th s  w h en  it c a n  exceed  30°C (H unt, P arker, & S tew art, 
2013). “T he W et B u lb  G lobe T e m p era tu re  (WBGT) is  a  m e a su re  of th e  h e a t 
s tr e s s  in  d ire c t su n lig h t, w h ich  ta k e s  in to  acco u n t: te m p e ra tu re , hum id ity , 
w in d  speed , s u n  ang le  a n d  cloud cover (solar rad ia tion ). T h is  d iffers from  
th e  h e a t index , w h ich  ta k e s  in to  co n s id e ra tio n  te m p e ra tu re  a n d  h u m id ity  
a n d  is ca lc u la te d  for sh a d y  a r e a s ” (N ational W eath er S ervice, 2015, p a ra . 1). 
U n d erg ro u n d  m in e rs  a re  v u ln e ra b le  to  h e a t a c c u m u la tio n  a s  th e  re s u lt  of 
h ig h  h e a t  flow  from  th e  e a r th ,  h e a t from  v irg in  rock, a n d  a d d itio n a l sa fe ty  
eq u ip m en t su c h  a s  se lf-co n ta in ed  se lf-rescue  a p p a ra tu s e s  (MSHA, n.d.b; 
Lutz e t al., 2014; X iang  e t al., 2014). M ost h e a t re la ted  il ln e sse s  o c c u r  d u r in g  
day ligh t h o u rs  w hen  th e  te m p e ra tu re s  a re  h ig h e r  (X iang e t al., 2014). In  a  
s tu d y  of th re e  m in e  s ite s  a c ro ss  n o r th e rn  A u s tra lia , 87%  of su rfa c e  m in e rs  
(n=91) a n d  79%  of u n d e rg ro u n d  w o rk ers  (n=56) rep o rte d  ex p e rien c in g  
a t  le a s t one sym ptom  of a  h e a t re la te d  illn ess  d u r in g  th e ir  sh ift, a n d  81- 
82%  rep o rted  sy m p to m s m ore th a n  once d u r in g  th e ir  sh ift. S eventy-one 
p e rc en t of su rfa c e  m in e rs  w ere d eh y d ra ted  p rio r to  s ta r t in g  th e ir  sh if t  w ith  
s im ila r  n u m b e rs  in  u n d e rg ro u n d  m in e rs  (H unt, P arker, & S tew art, 2013). In 
a  s im ila r  s tu d y  of a  m in e  b la s t  crew  in  th e  tro p ic s  (n=15), 73%  of w orkers 
com p la in ed  of a t  le a s t one sym ptom  of a  h e a t  re la ted  illn e ss  d u r in g  th e ir  
sh ift, a n d  88%  w ere  d eh y d ra ted  p rio r  to  th e  b e g in n in g  of th e ir  sh if t (H unt, 
Parker, & S tew art, 2014). In  each  study , th e  d e h y d ra tio n  s ta tu s  d id  n o t 
im prove d u r in g  th e  sh if t (H un t e t al., 2013; H u n t e t al., 2014). In th e  U.S., 
b e tw een  J a n u a ry ,  1983 a n d  D ecem ber, 2001, 538  m in e  w o rk ers  re p o rte d  a t  
le a s t one sym ptom  of a  h e a t re la ted  illn e ss  d u r in g  th e ir  sh ift, a n d  79.4%  of 
th e  in c id en ts  o c c u rre d  d u r in g  th e  su m m e r m o n th s  (D onoghue, 2004b).
T he O ccu p ation a l H ea lth  N urse’s  R ole in  
C om b atin g  H eat R ela ted  I lln e s s e s
T h ere  a re  severa l fac to rs th a t  p u t m in e rs  a t  a n  in c re a se d  r is k  for h e a t 
re la ted  illn esses: hy p o h y d ra tio n , in c re a se d  body  m a s s  in d e x  (BMI), poor 
aerob ic fitn e ss , a n d  la ck  of h e a t  acc lim a tio n  (B rake, 2001; D onoghue, 
S incla ir, & B a tes, 2000). O ccu p a tio n a l h e a lth  n u r s e s  c a n  help  d ec rease  
th e  r is k  of sy m p to m s re la ted  to  h e a t illn e sse s  by  p ro v id in g  ed u c a tio n  
a n d  developing p ro g ra m s a n d  policies to  en c o u rag e  h y d ra tio n  b o th  p rio r 
to  a n d  a f te r  w orker sh if ts  a s  a  h ig h  n u m b e r  re p o r t to  d u ty  h y p o h y d ra te d  
a n d  d u r in g  sh if ts  a s  th e y  co n tin u e  to dep lete  th e ir  f lu id s  (B rake, 2001;
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K alkow sky  & K am p m an n , 2006). F itn ess  
p ro g ra m s se rv e  a  d u a l p u rp o se ; th e y  c a n  help  
d e c re a se  BMI a n d  in c re a se  aerobic f itn e ss  a s  
h ig h e r  BMI’s  h av e  b ee n  positively  co rre la te d  w ith  
a n  in c re a se  in  h e a t  illn e sse s  (D onoghue & B ates, 
200 0 ; Lutz e t a l„  2014). T he developm ent of 
acc lim a tio n  p ro g ra m s a n d  se lf-pacing  p ro g ra m s 
c a n  red u c e  th e  in c id en ces of sy m p to m s of h e a t 
re la ted  illn e sse s  by p ro m o tin g  s h o r te r  w ork -rest 
cycles, e n c o u rag in g  w o rk ers  to  r e s t  m ore often, 
w o rk in g  a t  slow er ra te s  in  h ig h e r  te m p e ra tu re s , 
a n d  re p o rtin g  sy m p to m s e a r lie r  (D onoghue e t al., 
2 0 0 0 ; H u n t e t a l., 2014; X ian g  e t al., 2014).
C o n c lu sio n
M ost s tu d ie s  on  h e a t re la ted  illn esse s  in  
m in e rs  have o c c u rre d  o u ts id e  of th e  U. S. T hose 
s tu d ie s  have sh o w n  th a t  a  s ig n ific an t n u m b e r  
of m in e  w o rk ers  re p o rte d  a t  le a s t one sym ptom  
of a  h e a t re la ted  illn e ss  d u r in g  th e ir  a s s ig n e d  
sh ift. D eh y d ra tio n  w as  no ted  to  be th e  lead ing  
c a u se  of h e a t  e x h a u s tio n  espec ia lly  d u r in g  th e  
su m m e r  m o n th s . E d u ca tio n  a n d  th e  developm ent 
of p ro g ra m s  a n d  policies by  o ccu p a tio n a l h e a lth  
n u r s e s  c a n  help  co m b at th e  in c id en ces of h e a t 
re la te d  illn e ss  sy m p to m s. As lim ited  d a ta  e x is t on 
h e a t  re la ted  i l ln e sse s  in  m in e rs  in  th e  U.S., m ore 
re s e a rc h  is n eed ed  to  d e te rm in e  th e  p o te n tia l 
effects of h e a t  ex p o su re  on  h e a t re la ted  illn e sse s  
in  m in e  w o rk ers  in  th e  A p p a la c h ia n  reg ion  of th e  
U. S.
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